ノックアウトマウスと非侵襲的イメージング法を用いた創薬科学の新展開と応用 by 谷内  一彦
ノックアウトマウスと非侵襲的イメージング法を用
いた創薬科学の新展開と応用   










































1･ S･ T･ Holgate, Canonica GW, Simons F Estelle A, Taglialatela M, Tharp M, TimmermanH,
Yanai K. Consensus阜rOu_D On new generationantihistamines (conga): present status and
recommendations. Clin. Exp. Allergy ln press 2003
2. K. Yanai and T. Watanabe. Histamine as a neurotransmitter inthe centralnervous system. In:
A. Falus & N. GrossmaJl eds. Histamine Biology ln Press 2003
3. J. I. Mobarakeh, J. W. Nalwalk, T. Watanabe, S. Sakurada, M. Hoffman, R.Leurs, H･
Timmerman, I. Silos-Santiago, K YaTLaiand L. B. Hough.lmpro字anantinociception does not
requlre neurOnalhistamine or histamine receptors･ Bmin Res･ ln press 2003
4. L.-S. Zhang, Z. Chen, Y.lW. Huang, W.-W･ Hu, E･ Sakumi, E･-Q･ Wei, a Yanai･ Effects of
endogenous histamine on seizure development of pentylenetetrazole-induced kindling ln ratS･
Phamacology ln press
5.　H. Mochizuki, M. Tashiro, M. Kano, Y. SaktJrada, M. Itoh, K. YanaHma字ing of central itch
modulation in the human bmin uslng positron emission tomography･ Pain in press
6.　M. Kano, S. Fukudo, ∫. Gyoba, K. Mivuki, M. Tagawa, H. Mochizuki, M. Itoh, M. Hongo,塾
辿. Specific brain processing of emotion bv facialexpressions inalexithymia: a
H2150-㌢ET study･ Brain in press 2003
7.　Z. Chen, Z.Li, E. Sakumi, J. I. Mobarakeh, H. Ohtsu, T. Watanabe, T. Watanabe, K Iinuma
and K. Yanai. Chemical kindling induced by pentvlenetetrazol in histamine Hl reCeptOr gene
knockout mice (HIKO), histidine decarboxylase-deficient mice (HDC+) and mast
ce11-deficient WPvmice. Bmin Res. 968: 162-166 (2003)
8.　Y. Funaki, M. Kato, R. Iwata, E. Sakurai, E. Sakurai, M. Tashiro, T. Ido, and K. Yahai.
Evahlation of the binding characteristics of l511lc-methoxy]donepezil in the rat bminfor in
vivo visualization of acetylcholinesterase. ∫. Pha-acol. Sci･ 91 : 105-1 12 (2003)
9. M. Kano, J. Gvoba, M. Kamachi, H. Mochizuki, M. Hon字0, K. YaTLai. IAW doses ofalcohol
have a selective effect on the cognition of happy facialexpression･ Hum･ Psychophamacol･
Clin. Exp. 18(2):131-139(2003)
10.　Tashiro M, Mochizuki H, Iwabuchi K, Sakurada Y, Itoh M, Watanabe T, Yanai K. Roles of
histamine in regulation of arousal and cognition:functional neuroimaglng Of histamine Hl
receptors in human bmin. Life Sci. 2002; 72(4-5):409114･
ll.　Lin L Wisor J. Shiba T, TaheriS, Yanai K, Wurts S, Lin X, Vitaterna M, Takahashi J,
Lovenberg TW, Koehl M, Uhl G, Nishino S, Mignot E･ Measurement of hypocretin/orexin
content in the mouse bmin uslng an enZyme immunoassay: the effect of circadian time, age
and genetic background. Peptides 23(12):22031221 1 (2002)･
12.　S. Sakurada, T. 0rito, S. Furuta, H. Watanabe, J. I. Mobarakeh, K. YaAai, T. Watanabe, T.
-2-
Sato, K Onodera, C. Sakurada, T. Sakurada. Intrathecalhistamine induces spinally mediated
behavioralresponses through tachykinin NKl receptors. Pharmacol. Biochem. Behav. 74:
487-493 (2003)
13.　A. J. Xu, Z. Chen, K. Yanai. Y. W. Hua叩, E. Q. Wei. Effect of TAX-147, a novel
acetylcholinesteraseinhibitor on spatialcognitive impalrment induced by chronic cerebral
hypoperfusion in rats. Neurosci.Lett. 331 :33136 (2002)
14.　H. Mochizuki, M. Tashiro, M. Tagawa, M. Kano, M. Itoh, N. Okamura. T. Watanabeand K.
Yanai. The effects of a sedative antihistamine, d-chlorDheniramine. on visuomotor spatial
discriminationand reg10nalbmin activity as measured by positron emission tomography
(PET). Hum. Psychophamacol. Clin. Exp. 17(8):413-418 (2002)
15.　Ohtsu H, Kuramasu A, Tanaka S, TemiT, Hirasawa N, Hara M, Makabe-Kobayashi Y,
Yamada N, Yanai K, SakumiE, Okada M. Ohuchi K, Ichikawa A, Nagy A, Watanabe T.
Plasma extravasation induced by dietary supplemented histamine in histamine-free mice. Eur
J Immumo1 2002 Jun;32(6):1698-708
16.　H. Toyota, C. Dugovic, M. Koehl, A. D. LAPOSkv, C. Weber, K. Ngo, Y. Wu, D. H.Lee,墨
宣空旦邑亘, E. Sakurai, T. Watanabe, C. Liu, J. Chen, A. J. Barbier, F. W. Turek, W.-P.
Fung-Leung, and T. W. I･ovenberg. Behavioralcharacter2:ation of mice lacking histamine H3
receptors. Mol. Pharmacol. 62: 389-397 (2002)
17. R. Iwata, C. Pascali, A. Bogni, S. Furumoto, K Terasaki, K. Yanai. 【18FIFluoromethyl
triflate, a noveland reactive l18F]fLuoromethylating agent: preparation and application to the
onColumn preparation of llSF]fluorocholine. Applied Radiation Isotopes 57: 347-352 (2002)
18. J. I. Mobarakeh, S. Sakurada, T. Hayashi, T. 0rito, K Okuyama, T. Sakurada, A. Kuramasu,
T.　Watanabe, T. Watanabe and K.　Yanaj. Enhanced　antinociceDtion by
intrathecally-administered morphine in histamine Hl receptor gene　knockout mice.
Neuropha-a00logy 42(8): 1079-1088 (2002)
19.　R. lwata, C. Pascali, A. Bogni, K. Yanai, M. Kato, T. ldo and K Ishiwata. A combined
loop-SPE method for the automated preparation of 【11C]doxepin. J. hbeued Cpd.
Radiopham. 45: 27ト280 (2002)
20.　M. Tagawa, M. Kano, N. Okamura, M. Higuchi, M. Matsuda, Y. Mizuki, H. Ami, T. Fujii, S.
Komemushi, M. Itoh, H. Sasaki, T. Watanabe, and K Yanai. DifferentialCognitive effects of
ebastine aJld d-chlorpheniramine in healthy subjects: Correlation between psychomotor
performanceand plasma concentration･ Br･ J. Cli乱 Pharmacol. 53(3): 296-303 (2002)
21.　Takehiko Watanabe, Henk Timmerman and Kazuhiko Yanai(Eds). Histamine Research in
the New Millennium･ Proceedings of the InternationalSendaiHistamine Symposium.
Excerpta Medica lnternationalCongress Series 1224. ppll521,Amsterdam, EIsevier Science
B.V. (2001)
-3-
22.　Takehiko Watanabe and Kazuhiko Yanai. Studies onfunctionalroles of the histaminerglC
neuron system by uslng Phamacologicalagents,knockout mice and positron emission
tomography. Tohoku. ∫. Exp. Med･ 195: 197-217 (2001)
23.　S. Sakurada, T. 0rito, C･ Sakurada, T･ Sato, T･ Hayashi, K J･ Ⅰ･ Mobarakeh, K･ Yanai, K･
onodera, T. Watanabe,and T･ Sakurada･ Possible involvement of tachykinin NKl and
NMDA receptors in histamine-induced hyperalgesia in mice･ Eur･ J･ Pharmacol･ 434: 29-34
(2001)
24.　S. Nishino, N. Fuiiki, B. Riplev, E. Sakurai, M. Kato, T. Watanabe, E. Mignotand K Yanai･
Decreased bmin histamine contents in hypocretin/orexin receptor 2-mutated narcoleptic dogs･
Neurosci.Left. 313: 125-128 (2001)
25･ M･ Tagawa, M･ Kano, N･ Okamura, M･ Higuchi, M･ Matsuda, Y･ Mizuki, H･ Ami, R･ Iwata, T･
Fujii, S. Komemushi, T. Ido, M･ Itoh, H･ Sasaki, T･ Watanabe,and K Yami･ Neuroimaglng
of histamine Hl-receptor occupancy in humanbmin by positron emission tomography (PET):
A comparative study of ebastine, a second-generation antihistamine, and d-chlorpheniramine,
a classicalantihistamine. Br. J. Clin. Pharmacol. 52(5): 501-509 (2001)
26.　M. Endou, K Yanai, E･ Sakurai, S･ Fukudo, M･ Hongoand T･ Watanabe･ Food-deprived
activity stress decreased the activity of the histaminerglC neurOn System in rats･ Bmin Res･
891: 32-41 (2001)
27. R. lwata, C･ Pascali, A･ Bogni, Y･ Miyake, K Yanai, and T･ Idol A simple loop method for
the automated preparation of l1lc]raclopride from lllqmethyl triflate･ Applied Radiation
lsotopes 55: 23-28 (2001)
28･ M･ Higuchi, K Yami, N･ Okamura, K Meguro, H･ Arai･ M･ Itoh, R･ Iwata, T･ Ido･ T･
watanabe, and H･ Sasaki･ llistamine Hl receptors in patients with AIzheimer's disease
assessed by positron emission tomography (PET)･ Neuroscience 99: 721-729 (2000)
29.　L Z. Son, K Yanai, J. I. Mobarakeh, A･ Kuramasu, Z･ Y･ Li, E･ Sakumi, Y･ Hashimoto, T･
watanabe and T. Watanabe. Histamine Hl receptor-mediated inhibition of potassium-evoked
release of 5-hydroxytryptamine from mice forebrains･ Behav･ Brain Res･ 124: 1 13-120 (2001)
30. J. Yamakami, E. Sakurai, A. Kuramasu, E･ Sakumi, K Yanai, T･ Watanabe and Y･ Tanaka･
L-Histidine decarboxylase proteinand activity in rat bmin microvascular endothelial cells･
lmflamm. Res. 49: 231-235 (2000)
31. M. Tofukuji, T. Nakane, S. Murata, K Yanai, M･ Ohmi, and K Tabayashi･ Altered
distribution and density of myocardialβ-adrenoceptors during acute rejection in rats･
Transplantation. 69: 1572-1577 (2000)
32. R. Iwata, G. Horvith, C. Pascali, A･ Bogni, K･ Yami, Z･ Kovacs, and T･ Ido･ Synthesis of
31[1H-imidazo1-4-yl]propy141[18F]fluorobenzyl ether (【18F]fluoroproxyfan): A potential
radioligand for imaglng histamine H3 receptors･ J･ hbelled Compd･ Radiopharm･ 43:
-4-
873-882 (2000)
33.　M. Tagawa, M. Kano, N. Okamura, M. Itoh, E. Sakurai, T. Watanabe, and K Yanai.
Relationship between effects of alcohol on psychomotorperformances and bloodalcohoI
concentrations･ Jap･ J･ Phamacol. 83: 253-260 (2000)
34.　M. Izumizaki, M. Iwase, H.Kimura, K Yanai, T. Watanabe, T. Watanabeand I. Homma.
hck of temperature-induced polypnea in histamine Hl receptor-deficientmice, Neurosci.
Lett. 284(3): 139-142 (2000)
35. J. I. Mobarakeh, S. Sakurada, S. Katsuyama, M. Kutsuwa, A. Kuramasu, Z. Y. Li, T.
Watanabe, Y･ Hashimoto, T･ Watanabe and K Yanai･ Role of histamine Hl reCePtOr in pain
perception: A study of the receptor geneknockout mice. Eur. J. Pharmacol. 391: 81189
(2000)
36.　N. Okamura, K Yanai, M. Higuchi, J. Sakai, R. Iwata, T. Ido, H. Sasaki, T. Watanabe, M.
Itoh. Functional　neuroimaglng Of cognition impaired by a classical　antihistamine,
d-chlorpheniramine. Br. J. Phamacol. 129: 1 15-123 (2000)
37.　R. Iwata, C. Pascali, A. Bongi, G. Horvath, Z. Kovacs, K Yanaiand T. Ido. A new,





医学のあゆみ　204 : 262-264 (2003)
40.　遠藤雅俊､楼井映子､渡遵建彦､谷内一彦　ヒスタミンとストレス応答｡ clinical

















































3. Tashiro M, Uchitomi T･ Impacts of morphological andfunctionalneuroimaglng in
-6-
psych0-oncology. 6th world Congress Psychooncology (Ban ff, Canada) April 23-27, 2003
4. Tashiro M, Moser E, Juengling F, Reinhardt M, Kubota K, YanaiK, Itoh M. Abnormalregional
bmin activity of cancer patients revealed by 18F-FDG-PET･ 6th world Congress
PsychooJlCOlogy (Banff, Canada) April 23-27, 2003
5. Tashiro M, Mobarakeh IJ, Sakurada Y, Mochizuki H, Iwabuchi K, Itoh M, YanaiK. Potential
usefuhess of non-sedativeantihistamines to enhanceantinociceptive effects of morphine･ 6th
World Congress Psychooncology (Banff, Canada) April 23-27, 2003
6. Tashiro M, Juengling F, Itoh M, YanaiK, Kubota K, Moser E. Effects of chemotherapy on the
bmin metabolism of depressed cancer patients: a PET study･ 6th world Congress













1 1 ･　Zhong Chen, Eiko Sakurai, Motohisa Kato, YoshinobuKiso, Takehiko Watanabe and



























2 1 ･ Zhong CHEN, AJing XU, Masatoshi END0, Eiko SAKURAl, Er Qing WEI, hzuhiko
YANAl. EFFECT OF YAK-147. A NOVEL ACETYLCHOLINESTERASE INHIBITOR ON
smTIAL COGNITIVE DEFICITS CAUSED BY CHRONIC CEREBRAL


















2 8.　Takehiko Watanabe and Kazuhiko Yanai. STUDIES ON THE FUNCTIONS OF THE
HISTAMINERGIC NEURON SYSTEM IN THE BRAIN BY USING GENE-KNOCKOUT
-8-
MICE WITH NOCICEPTION AS AN EXAMPLE･ 2nd Yufuin lntemational Workshop on










3 2.　Zhong Chen, Eiko Sakumi, Li-Sham Zhang, A-Jing Xu, Yu-Wen Huang, Masatoshi Endo,
Kazuhiko Yanai. Effect of endogenous histamine on seizure development of PTZ-indtJced
血dling in rats.第6回活性アミンに関するワークショップ(神戸)平成1 4年8月3
0日
33.　田代学､山下豊｡欧米のPET事情:ドイツ科学省学術審議会報告書の概要につい
ての報告｡ pETサマーセミナー2002(箱根)平成1 4年8月2 1日～2 3日
3 4.　田代学｡ FDG PETの普及を目指して-放射薬剤供給体制の現状と問題点一欧州の
現状｡ pETサマーセミナー2002(箱根)平成14年8月2 1日～23日
3 5.　Manabu Tashiro, Yumiko Sakurada, Hideki Mochizuki, Kentaro Iwabuchi, Kazuhiko
YaJlai. STUDY ON CNS SIDE EFFECTS OF FEXOFENADINE AND CETIRIZINE:
MEASUREMENT OF HISTAMINE HI RECEPTOR OCCUFWCY USING POSrrRON
EMISSION TOMOGRAPHY.American College of ClinicalPharmacology.
36.　谷内一彦｡ pETによるヒスタミン神経系の機能研究:精神･神経疾患と創薬科学
への応用｡第45回日本神経化学会シンポジウム(札幌)平成14年7月1 7日
3 7.　Manabu TASHIRO, Yumiko SAKURADA, Hideki MOCHIZUKl, Kentaro rWABUCHI,
Kazuhiko YANAI. Evaluation of CNS Side Effects due to Second-GenerationAntihistamines










4 1.　Kazuhiko Yanai, Jalal Izadi Mobarakeh, Shinobu Sakurada, Tohru0rito, KaoriOkuyama,
Atsuo Kuramasu, Takehiko Watanabe, Thkeshi Watanabe･ Histamine H2 receptor blockade
enhances theAntinociceptive effects of morphine in the centralnervous system･American
society for Pharmacology and ExperimentalTherapeutics (San Francisco)
4 2.　L B. Hough, J. W. NalWalk, J. I･ Mobarakeh, K Yanai, R･ Stadel, I･ S･ Santiago, M･
Hoffman, R.Leurs, H･ Timmeman and S･ D･ Glick･ Improgan, a Histamine Derivative,
Induces　Antinociception　in　Hisfamine ReceptoトDeficient Mutant Mice･ Society　for
Neuroscience 32ndAnnualMeeting (norida)
4 3. J. Izadi Mobarakeh, S. Sakurada, K Okuyama, K Ohwada, M･ Kato, T･ Watanabe, K･
Yanai. HISTAMINE HI RECEPTOR GENE KNOCKOUT MICE SHOWED REDUCED
HYPERALGESIA IN A NEUROPATHIC PAIN MODEL.
44.　谷内一彦｡ヒトの神経精神薬理学におけるポジトロンCTの役割｡小児神経学会ラ
ンチョン　平成14年6月27日
4 5.　Hiroshi Ohtsu. THE CHARACTERISTIC FEATURE OF MICE LACKING HISTAMINE
DECARBOXYLASE. A Symposium of Osaka University MedicalSchool/ Graduate School of
Frontier Bioscience･ Biology of Mast Cells and Basophils･ May ll-15, 2002
4 6.　Manabu TASHIRO, Masatoshi rTOH, Kazuhiko YANAI･ A FUNCTIONAL









5 0. J. I. Mobarakeh, S. Sakurada, T. 0rito, Y･ Sakurada, T･ Shiba, M･ Kato, M･ Yamamoto, T･
watanabe, T. Watanabe, K･ Yanai･ Effects of histamine H2 receptor in combination with









5 3 ･　E. Sakumi, Z-Y. Yang, Y.Kiso, T. Watanabe and K Yanai.Anti-stress effect of the chicken
essence are partly mediated throughthe histaminerglC neurOn System. CINP, Hiroshima,
October 2-5, 2001
5 4 ･　H. Mochizuki, M. Tagawa, M. Km0, M. Itoh, N. Okamura, M. Tashiro, T. Watanabe, K
Yanai.Altered bminfunction after oral administration of d-chlorpheniramine was related to
impalment Of visuomotor coordination ability: a human PET study. CINP, Hiroshima, October
2-5,2001
5 5･　M･ Tashiro, M･ Itoh, K Kubota, K Yamaguchi, K Ozaki, H･ Rikimaru, M. Masud, K
Yanai, T･ Watanabe, H･ Ami, H･ Sasaki. Neuro-immune interaction in cancer patients:
correlation between naturaikiller cell activity and resting reglOnal cerebralglucose metabolism.
CINP, Hiroshima, October 215, 2001
5 6.　M. Tashiro, I. Brink, A. Joe, K. Yanai, T. Watanabe, M. Itoh, E. Moser. hfluence of
chemotherapy on regionalbminglucose metabolism of cancer patients with depressive mood.
CrNP, Hiroshima, October 2-5, 2001
5 7.　M. Tashiro, M. Itoh, F. Juengling, M. ReinhaTdt, K Kubota, H. Kumano, E. Moser, E.
Nitzsche. Decreasedgluとose metabolism in frontalcortex of cancer patients is associated with
depressive mood. Brain PET 2001, Taiwan, June 9 - 13, 2001
5 8･　H･ Rikimaru, M･ Itoh, M･ Tashiro, M･ Watanabe･ Bmin mapplng Of muscle bmiJl
interaction during chewing by SPManalysis: A FDG-PET study. BraiJI PET 2001, Taiwan,











6 3 ･谷内一彦､ seiji Nishino､横井映子､加藤元久､ NobuyukiFujii,､ Beth Ripley､ Emmanuel
Mignot､渡遵建彦｡ナルコレプシー犬の脳内ヒスタミン含量は減少する｡活性アミン
シンポジウム(東京)平成13年8月24日










6 7.　K. Yamaguchi, M. Oonuma, M. Masud, T. Rikimaru, T･ Sugita, T･ Fujimoto, M･ Tashiro, M･
Itoh, M. Kokubun. bwglucose uptake by skeletalmuscles dming servere exercise: A





6 9.　日. Mobarakeh, T. Shiba, S. Sakurada, T･ Hayashi, T･ 0rito, T･ Watanabe, T･ Watanabe, K
Yanai. The role of histamine Hl and H2 receptors in opioid antinociception: A study uslng
receptor geneknockout mice･ Society for Neuroscience･ Sam Diego･ November 9-15, 2001
7 0.　M. Km0, S. Fukudo, M. Itoh, M･ Hongo, K Yanai･ Functionalneuroanatomy of
processlng emOtionalfacialexpressions inalexithymia･ Society for Neuroscience, San Diego･
November 9-15, 2001
7 1 ･ T. Shiba, T. Kobayashi, J･ I･ Mobarakeh, E･ Sakumi, Y･ Nakagawa, M･ Tamai･ T･ Watanabe,
T. Watanabe, K Yanai･ Behavioralcharacterization inmice lacking histamine H2 receptors･
Societyfor Neuroscience, Sam Diego, November 9-15, 2001
7 2. The Korean Society for Bmin and Neural Science (December 1, 2000, Seoul, Korea)･ THE
HISTAMINE NEURON SYSTEM: FROM A STUDY OF RECEPTOR KNOCKOUT MICE














analgesia by intrathecaladministration of morphine inmice lacking histamine Hl receptors･
JalalIzadi Mobarakeh, Shinobu Sakurada, Thkafumi Hayashi, Akihiko Yonezawa, Takeshi











8 3 I 2000 lntemationalChemicalCongress of Pacific Basin Society (December 14-19, 2000,
Hawaii). PET Measurements of Hl receptor occupancy in human braiJIS after the
administration of sedathgand non-sedating antihistamines: A relationship between Hl
receptor occupancy and impaired cognition. Bh2:uhiko Yanai.
8 4 ･第7回世界臨床薬理学会(July 15-20, 2000, Florence, Italy)｡EFFECTS OF EBASTNE,
THE SECOND-GENERATION ANTIHISTAMINE, ON COGNITIVE PERFORMANCES. M.
Tagawa, T. Fujii, H. Sasaki, T. Watanabe and K. Yanai.
8 5･第7回世界臨床薬理学会(July 15120, 2000, Florence, Italy)｡ PET measurements of
histamine Hl receptor occupancy inlmmaJl bmins after oraldoses of sendating and
non-sedating antihistamines. K Yanai, M. Tagawa and T. Watanabe.
8 6･日本薬理学会総会(平成12年3月､横浜)｡ Theroleofbminhistamineneuronsysten
in acuteand chronic behavioraleffects of methamphetamine: a study using histamine Hl gene
knock out mice. Yasuhiko Kubota, Chihiro lto, Bhzuhiko Yanai, Takeshi Watanabe, Mitsumoto
Sato and Takehiko Watanabe.
8 7 ･　日本薬理学会総会(平成12年3月､横浜)｡Activity and mRNAexpression ofLhistidine
decarboxylase in lung microvascular endothelialcells of rats. Eiichi Sakumi, Jun Yamakumi,
Tomoya Sakurada, Yorihisa Tanaka, Atsuo Kuramasu, Eiko Sakumi, K氾uhiko Yanaiand
Thkehiko Watanabe.
8 8･日本薬理学会総会(平成12年3月､横浜)0 GTP† [35sl-autoradiographydemonstrated
that increased H3 receptors caused by orbitalenucleation were coupled to G-proteins in the
superior colliculus of rat brain. Tomoko Shiba, Yoichi Nakagawa, Makoto Tamai, JalalIzadi
Mobarakeh, Takehiko Watanabeand Kazuhiko Yanai.
-13-
8 9.　日本薬理学会総会(平成12年3月､横浜)｡ Histaminergic mechanisms for the
development of chemical kindling･ Zheng Yam Li, Eiko Sakurai, Jalal Izadi Mobarakeh,
Takeshi Watanabe, Takehiko Watanabe and Kazuhiko Yanai.
9 0.　日本薬理学会総会(平成12年3月､横浜)｡ HistamineHl-reCeptOrblockadeaugments
morphine-induced antinociception･ JalalIzadi Mobarakeh･ Shinobu Sakurada･ Motoharu
Kutsuwa, Takafumi Hayashi, Tomoko Shiba, Tikeshi Watanabe, Takehiko Watanabe and
Kazuhiko Yanai.
9 1.　日本薬理学会総会(平成12年3月､横浜)｡ Functionalneuroimagingofdrugs-induced
effects in human brains using H2150･ Hideki Motizuki, Nobuyuki Okamura, Masaaki Tagawa,













































































































































































AJq (丑rodman area)　　　　　　Side Z-Score Talajrach coordinates
X ∫
Middle Fronrtal Gyrus (10)
Inferior Frontal Gyrus (44)
orbitofrontal cortex (1 1)
Inferior Frontal Gyrus (44)
Anterior Cingulate gyrus (24,32)
Frontal Lobe
Precentral gyrus (4)
Anterior Cingulate gyrus (24,32)
Middle Fron佃I Gyrus (1 0)
Inferior Fronta一 Gyrus (47)
































覚認知課題はタキストスコープを用いて､数字とひらがなを1, 3, 5, 7,
1 0, 2 0msec間呈示して､弁別させるodd-Ball課題を与え反応時間と正答率
を測定した｡ d-タロルフェニラミン0,1,2mgを静注して認知機能をタキストスコープ検査
により､主観的な眠気はstanford Sleepiness Scale (SSS)を用いてインタビューに
















プラセボ(生食)では変化しなかった脳の部位は､ right midbrain, right medial
































ウ化メチルを作成し､ N-メチル化反応により標識した｡被験者は2 0-2 7歳
の男性被験者を広告にて募集し書面にて承諾書を得た｡タスクは腸管の拡張に




































































































Histamine as a neurotransmitter in the central nervous system
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Histamine neurons are exclusively located in the posterior hypothalamus, and send their
outputs toalmost all reglOnS Of the brain･ They are involved in many functions such as
spontaneous locomotion, arousal, sleep-wake cycles, appetite control, seizures, learnlngand
memory, behavioural sensitisation, stress and emotion･ We propose here that histamine neurons
have a dualeffect on the CNS,with both a stimulatory and suppressivefunction.Asa
stimulatoryfunction? neuronal histamine is one of the most important systems to maintain and
stimulate wakefulness. Bmin histamine also functions asaninhibitory bioprotection system
against various noxious and unfavourable stimuli of convulsion, drug sensitisation, denervation
supersensitivity, ischemic lesionsand stress susceptibility･ A significantamOunt of research has
been done to clarifythefunctions of the histaminergic neuron system using histamine-related
geneknockout miceand humanPET (positron emission tomography) studies･ The activity of
histamine neurons isinherent for mentalhealth,althoughpotent activators of histamine neurons
have not been clinically available until now. Here, we summarizethe bimodalfunction of
histamine neurons.
Key words: Histamine, histamine neurons, pharmacology, brain,knockout mice, PET (positron
emission tomography).
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Histamine is an active amine with a wide spectmm of biological actions at the central and
peripheral level･ Since its discovery in 1910, histamine has been a challenge f♭r many scientists;
it has been studied extensively in various fields of biology･ Histamine is involved in various
physiologicalfunctions through H1-, H2-, H3-, and H41reCePtOrS l1-3]･ In particular, it is
involved in the symptoms of allergic rhinitis and urticaria･ Orally admimistered antihistamines
are us血l fb∫ the relief of allerglC SymptOmS･ Most of people believed fわr a long time that
histamine was a harmful mediator. However, recent studies reveal that histamine plays an
important part for homeostasis in the brain･ The histaminerglC neurOn System Was first identified
immunohistochemically with the antibody raised against Lhistidine decarboxylase (a
histamine-foming enzyme, HDC) as a marker by Watanabe et all [4]･ The strategy of their study
was to purify HDCfrom HDC-rich placentaand to prepare itsantibody (Fig･ 1)I In fact,
histamine neurons were simultaneously visualized using antibodies against histamine itself by
panula et al.and Steinbusch et al･ , independently, in the same year･ The fundamental structure
of the histaminerglC neurOn System Was elucidated a few years later through intense world-wide
collaboration.
Thefunctions of the histaminerglC neurOn System have been extensively studied using
pharmacologicalhistaminerglC agentS･ The general morphology and various functions of
histamine neurons have been examined ffom these pharmacological experiments l5-7]･ Based
on a∝umulated data血om neuropha-acological and behavioural studies, a role for brain
histamine has long been thought to be involved in arousal, the sleep-awake cycle, appetite
control, seizures, leaming and memory, aggressive behaviour, and emotion l8] ･ These data were
mainly obtained from rodentsthroughclassical phamacological experiments and confirmed
recently by the study of knockout mice･ Because there are considerable di飴rences among
species in histamine biology'it cannot be totally accepted to deduce the functions in humans
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允om those of rodents･ For this purpose, autopsied human brainsand cerebrospinalfluid (CSF)
have been utilized for a long time in human brain chemistry.Altemative approaches to human
bmin chemistryare non-invasive brain imaging modalities l9] I Imaging techniques enable us to
assessthe properties of brain tissuesand to obtaininfomation of how the brain works across
scales丘om system level to molecular level.Among several imaglng mOdalities, molecular PET
bositron emission tomography) techniques enable us to focus directly on human phamacology
and bminfunctions in living subjects. Here, the functions of histamine neurons are described
followed by brief explanations of the used methods. We propose that the functions of histamine
neurons are classified into stimulatoryand suppressive roles of the net CNS effects (Table 1).
An adequate activity of the histaminerglC neurOn System is indispensable to maintain a healthy
neuronalcondition.
Methoゐused for studies on PLnCtions of histamine neurons.
Classical pharmacological tools: Functions of the histaminerglC neurOn System have been
studied pharmacologically in various ways, e･g･ by inactivatingthe histaminerglC neurOn System
withanHDC inhibitor, (S)-α-fluoromethylhistidine (FMH), Hland H2antagonists (e.g.,
prilamine (mepyramine)and zolantidine), andanH3 agomist, (R)-α-methylhistamine (MeKA).
FMH has been particularly useful in earlier studies l10]. For its activation, L-histidine, a
precursoramino acid of histamine, metopnne,aninhibitor of the histamine inactivating enzyme
N･methyltransferase (HMT), 2-thiazolylethylamine,anHl agonist,and thioperamide and
clobenpropit, H3antagonists have been admimistered toanimals. The results obtained by these
pharmacologiCalstudies are summarized in previous reviews l1 1, 12].
Knockoutmice of histamitle related genes:Analtemative approach to clarify the
physiological　functions of histamine neurons is　an　approach which manipulates the
histamine-related genes･ The use of genetically-alteredmice has become routine in many fields
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of biomedical research over the past decade･ For the investigators that utilize rodents as
experimental systems, the techmical development of production of mice with specific genetic
alteration has provided a unlque OPPOrtunity for awide variety of sophisticated investigations･
AsshowninTable 2, there are 5 differentknockoutmice available for experiments on the
histaminergic neuron system l13-16]. Nowadays, many laboratories are using theknockout mice
of histamine-related genes in combination with classicalpharmacological approaches in order to
clarifythefunctionalroles of the histaminergic neuron system･
Non-invasive PET imaglng Of histamine receptors in the human brain: The histamine
receptors in humanbrains were firstly visualized non-invasively by our group･ We have used
PET techniques since 1990 in order to examine the functions of histamine neurons in the living
humanbrain･ There had been only a few studies on the pathophysiology of histamine neurons in
the human brain until PET techmiques were developed. The distribution of H1-receptors in a
living humanbrain was measuredwith l11C]-mepyramine byri1amine) or l11C]-doxepin as a
radiotracer by PET l17]. The densities of H1-receptors are most prominent in the frontal,
temporaland parietalcortices, theanterior clngulate, thalamus, and hippocampus, less
prominent in the striatum and occipital cortex, and least prominent in the pons-medulla
oblongata and cerebellum (Fig. 2). The visualized binding was completely blocked by the
premedication of d-chlorpheniramine before the PET scan･ The further validity of the use of
l11C]-doxepin as a radiotracer for H1-receptor imaging was later obtained by the in vitro
doxepin binding experiments of histamine Hl-receptor geneknockout (HIKO) mice･ Doxepin
did not bind specifically to membrane fractions prepared from brains of HIKOmice, thougha
specific binding was detectedwithwild-type mice l13]･
Bimodal actions of histamine neuronsI StimulatoTy PLnCtions
Sleep･wake cycle: Histamine is believed to be a wake amine and is involved in circadian
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rhythm l18]. h pha-acological experiments, FMH shortened the waking time in the dark
periodand prolonged the slow-wave-sleep (SWS) time in the light periodinrats･ h accordance
withthis study,thioperamide (an H3antagonist) increasedthe waking timeand MeHA (anH3
agonist) decreased the S2-SWS time in cats l 19]･ These results were confirmed by studies using
knockout mice of histamine-related genes. The daytime activity (6 a.m.-6 p.m.) in home cages
was more enhanced in Hl-receptor geneknockout (HIKO) mice thanin the wild-type･ The
nighttime (6 p.m.16 a･m･) activity was lessamOng the HIKOmice･ nus the day to night ratio of
ambulation was 0.15 inwild-type but was 0.55 in HIR-KOmice l13]･ These data show that the
HIKOmice move less at nightand move more dming the day. It is very interesting that the same
distorted circadianrhythms were observed in the H2-and H3-receptor geneknOckout mice as
well as in the histidine decarboxylase (HDC)knockout mice･
Neuronalhistamine plays a central role in maintaining wakefulness･ h addition, activity in
the histaminerglC neurOn System Can　be modified by several neurotransmitters　and
neuromodulators such as orexinS, GABA, adenosineand prostaglandin D2 [20]･ h particular,
orexins are newly-discovered neuropeptides inthe lateral hypothalamus･ Orexins deficiency
causesthe sleep disorder narcolepsy ln Various modelsand in human patients, suggesting that
the functions of these peptidesmight be the regulation of sleep･ The activationand inactivation
of也e histaminergic neuron system by these modulators are important in sleep-wake control 【21】･
The schematic representation on the role of the histaminerglC neurOn System in cortical
activation is illustrated in Fig. 3 【22】.
BmitI COrtical activation: The PET imaglng Studies of Hl-receptors in the living human
brain substantiated the histamine-mediated cortical activation theory. It is wellknown that
classicalantihistamines cancause considerable sedation in humanS. We determined the values
for bmin H1-receptor occupancies of classicaland second-generationantihistamines･ The
second一generation antihistamines are generally believed to be non-sedative･ As shown in Fig･ 4,
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the Hl-receptor o∝upancies of the second一generation antihistamines were lower than those of
the sedatingantihistamines･ The sedative properties of antihistamines have been extensively
studied by using 【150】H20-PET and 【11cl-doxepin-PET techniques 【23, 24】･ These results
clearly suggest that histamine causes wakefulness through H1-receptorsinthe human brain･
Spontaneous locomotor activity: Spontaneous locomotor activity in an open field changed
after histaminerglC agents Were administered to rodents･ For example, locomotor activity
decreased significantly by administration of the HDC-inhibitor FMHand the H3-agonist MeHA･
FMH and MeHA decrease the release of histamine from histamine neurons. On the other hand,
the locomotor activity increased by administration of the HMT-i血ibitor metoprlne and the
H3-antaginist thioperamide･ Metoprlneandthioperamide were reported to increase the release
of histamine･ In accordance withthese data, Hl-receptor geneknOckout mice showed impaired
locomotor activity inanOpen field l13, 25]. The results indicate that histamine is involved in the
activation of ambulation through H 1 -receptors.
Responses to nociceptive stimuli: Highdoses of histamine impair several nociceptive
responsesinrodents, while lower doses enhance them･ The same biphasic effects were observed
with several Hl agonists. EventhoughHlantagonists inhibit theanalgesia evoked by histamine,
some H1-blockers also produce analgesic activity when given alone orwith opiates･
Antihistamines were empirically administered as mildanalgesics inthe clinic･ Such ambimities
exist in pharmacologicalexperiments･ Theknockout mice with histamine-related genes are also
useful to clarify the roles of histamine on nociception･ HIKO mice were less sensitive to thermal･
mechmicaland chemical nociceptive stimuli thanwild typemice l26]･ HDC-KO also showed
less sensitivity to nociceptive stimuli･ These data suggest that histamine enhances the responses
to nociceptive stimuli through H1-receptors･ Moreover, HIKO mice showed enhanced
analgesic responses to morphine l27]･ Similar results were obtained with H2KOmice,
suggesting that both Hl - and H2ィeceptors are synergistically functionlng On the stimulation of
-34-
nociceptive transmission･
Cognition : htracerebroventricular administration of histamine improves leamlng and memory
in rats, whereas administration of sedating H1-blockers cause a dose-dependent impaired effect
on avoidance-responses of aversive stimuliand on spatialcognitions of radialmaze experiments.
SeveralH3antagonists shorten the response latencies of cognitive tasks throughthe activation
of histamine neurons･ However, these effects on cognition could not be confirmed uslng
knockoutmice with histamine-related genes.
Age-related declines in H1-receptor binding were demonstrated in normalhuman brains by
llc-doxepin-PET studies･ h normalaging'the Hl-receptor binding decreases in the prefrontal,
temporal, Cingulatedand hippocampal regions, Which are closely associatedwith attentionand
cognitive functions l28]･ In addition, a significant decrease of H1-receptors is demonstrated in
thefrontaland temporalreglOnS OfAlzheimer's disease･ The decrease in Hl-receptors correlates
withthe cognitive severity ofAlzheimer's disease as assessed by Mini-MentalState
Examination scores l29]･ A decrease in Hl-receptor binding has also been observed in
depreSSive and sdizophrenic patients･ Decreased Hl-receptor-mediated neurotransmission
might thus contribute to cognitive dysfunctions of　these diseases. Several　atypical
antipsychotics are reported to release neuronalhistamine throughthe blockage of 5-HT2
receptors l30】,and mi血t therebv enhance the comition of schizoDhremicsthroud the activation
of histamine neurons.Althoughthere are several opposite findings in rodents, the activation of
histamine neurons may Improve cognition in humanS.
Bimodal actions of histamine neurons: SuFPreSSive PLnCtions
Convulsion: The roles of histamine on convulsion were examined in severalseizure models of
61ectro00nvulsion, pentylenetetrazole (PTZ)-kindling and amygdala kindling. In
phamacological experiments, Convulsion duration was prolonged by the deletion of histamine
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by FMH administration,and was shortened by the increase of histamine contents by metopnne
(HMT-inhibitor) or L-histidine. These data were further supported by experiments using H3
1igands･ Selective Hl agonists inhibit the convulsion in several seizure models, suggesting也at
the inhibitory action of histamine is mediated through Hl-receptors･ These phamacological
experiments suggest that histamine functions as an endogenousanticonvulsant･ This idea was
further confined by studies uslng histamine-related gene　knockout　mice /with
histamine-related genes･ The HIKOmice showed longer periods of electroconvulsion in
maximalelectroshock models and they were more susceptible to pentylenetetrazole-induced
kindling 【31]. Similar results were obtained with HDC-KO mice･
It is wellknown that brain-penetrating H1-blockers cause convulsions as serious side effects･
Our PET studies showed that H1-receptors are increased in the foci of epileptic patientswith
complex partial seizures. nis resultmight be explained byanup-regulation of H1-receptors,
which diminishes the spreading of abnormal firing･ h accordance with humandata, the binding
potential (Bmax/KD) of Hl-receptors have increased in theamygdala kindling model of rats
【32】.
Hyperactivity caused by stimulants and stress: Neuronal histamine increases the
locomotion in ordinary conditions as described above.lmcontrast, neuronal histamine has a
calming effect on the hyperactivity of locomotion caused by stress and stimulants such as
methamphetamine (MAP), amphetamineand cocaine･ When repeatedly treated with stimulants,
locomotion gradually increases day by day･ The increased locomotor activityknOwn as
behavioural sensitisation or reverse tolerance is a result of stimulant abuse and schizophrenia in
animal models･ Increased locomotor activity caused by singleand multiple doses of MAP is
attenuated by treatment withL-histidine, while the hyperactivity itself can be significantly
enhanced by FMH･ The formation of behavioural sensitisation to MAP was also facilitated in
HDC-KO mice l33].All these results indicate that neuronal histamine inhibits thefomation of
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behavioural sensitisation to stimulants.
Chromic stress as well as stimulants canalso induce hyperlocomotion･ Food-deprived activity
stress is often used as a natural model of stress-caused hyperlocomotion･ This model is defhed
asthe condition in which rats are forced torun on a wire wheel with restricted food consumption･
Research has shown that food-deprived activity stress gradually increases hyperactivity on the
running wheel,and actually results in decreased body weight. Intracerebroventricular injection
of histamineand peripheral admimiStration of Lhistidine reduces hyperactivity caused by
food-deprived activity stress,althoughit did not affect the spontaneous locomotor activity l34].
These fhdings suggest that hyperexcitation caused by stimulantsand chronic stress canbe
i血ibited by the activation of histamine neurons.
Appetite control: Neuronalhistamine is thought to be involved in the regulation of appetite
and energy control 【35]･ Continuous administration of histamine into the hypothalamus
suppresses foodintake in ratsand treatmentwith metoprine (HMT-inhibitor) increases
endogenous histamineand suppresses food intake, as well･ h contrast, FMH (HDC-inhibitor)
increases feeding-associated behaviour･ The suppressive effects of neuronalhistamine on
appetite have also been confirmed by studies using reCePtOr geneknockout mice･ Recently, it
has been reportedthat the appetite-suppression of leptin is mediated throughH1-receptors l36].
Hypothalamic histamine probably functions as one of theanorectic neurotransmitters,
suggesting that clinically available Hl agonists may be useful for the treatment of abnormal
obesity.
Protective roles in ischemia･induced neuronal damages and detLerVation
supersensitivity: Several neurotransmitters are involved inthe development of delayed
neuronal cell death after short-termbrain ischemia･ Some neurotransmitters are neuroprotective,
whereas others are neurotoxic･ The protective roles of histamine on delayed neuronal cell death
were demonstrated by examining the effects of FMH on delayed neuronal cell death l37].
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Several reports showed that depletion of brain histamine aggravates neuronal death fbllowlng
brain ischemia. Neuronal histamine probably functions as one of the protective transmitters
against ischemic insults.
Neuronal histamine is also involved in deneⅣation supersensitivity caused by chemical and
physical　nerve injury l38, 39]. H3-receptors increase in the rat striatum after
6-hydroxydopamine-induced dopaminergic deneⅣatiom and in the superior colliculus fbllwolng
unilateralorbitalenucleation. These data indicated that H3-receptors were highly up-regulated
in the postsymaptic sites of injured neurons in association withdenervation supersensitivity･
Becausethe activation of H3-receptors decreases CAMP throughinhibitory G-protein,the
up-regulated H3-receptors may suppress deneⅣation supersensitivity.
Conclusion
The histaminerglC neurOn System distributes to almost all reg10nS Of the bmin. The structures
constitute a diffuse system of information transfer with non-directed symapses. These structural
characteristics resemble other aminerglC neurOn Systems, Suggesting a wide variety of regulatory
functions. htegrated studies uslng Phamacological agents,knockout mice of histamine-related
genesand PET reveal that histamine neurons have stimulatoryand suppressivefunctions in
nomaland pathologicalConditions. The functions of histamine neurons are characteristic,
althoughthe precise action mechanism for the bimodal CNS effects is still unknown･ Neuronal
histamine is indispensable for maintaining mental health. Unfortunately, there are no clinically
available medications to activate the histamine neurons at present. New drugs that activate
histamine neurons would be useful fわr the progress of therapeutic strategies against neurological
and psychiatric diseases.
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Legends to Figures
Figure l･ Distribution of histamine neurons in the rat brain･lmmunohistochemical localization of
histamine neurons was demonstrated using antibodies raised against rat HDC･ Histamine
neuronsare exclusively located at the posterior hypothalamus,and distribute their fibers
to almost all brain reglOnS･ A: lower magnification･ B: higher magnification･
Figure 2. Distribution of H1-receptors in the humanbrain as measured by l11C]doxepin-PET･ The
density of H1-receptors is highin the cingulate cortex, prefrontal cortex,fronto-temporal
cortex,thalamus,amygdala and hippocampus･ H1-receptors are low in the cerebellum･
Figure 3･ Hypotheticalroles of histamine neurons in sleep-wake mechanism･ Histamine neurons are
functioning as the most important center of wakefulness･ VLPO (ventrolateral preoptic
nucleus)and orexin neurons caninhibitand stimulate the activities of histamine neurons,
respectively･ PGD2 and adenosine activate the sleep center of VIJ0･
Figure 4･ Histamine H1-receptor occupancy by H1-antagonists in the humanbrain･ H1-antagonists
are wellknown to cause sedationand sleeplneSS･ We have used PET imaglng methods to
detemine differences in penetration throughthe blood-brain barrier (BBB) of classical
and so-called 2nd generation Hl-antagonists･ The Hl-receptor occupancy lS measured in
the humancortex after single oral doses･ If it does not penetrate BBB at all, the value of
occupancy lS estimated to zero･ H1-receptor occupancies of lessthan 20%, 20-50% and
over 50% are considered to be "non-sedative", 〃less-sedativeけand以sedative",
respectively･
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Table 1. Functional roles of the histaminerglC neurOn System: A stimulatory and suppressive
function
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Table 2. AvailableknOckout mice in studies of histamine CNSfunctions
Histamine Hl-Receptor Gene Knockout Mice (HIKO) (ref･ 13)
Histamine H2-Receptor Gene Knockout Mice (ref･ 14)
Histamine H3-Receptor Gene Knockout Mice (ref･ 16)
Histamine H1-and H2-Receptor Gene Double Knockout Mice
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The unpleasantness of itching lS reduced by cooling･Although previous research
suggests the presence of a central itch modulation system,山ere is little documentation
about how the modulation system works in the brain･ In the present study, We
investigated the modulating system of the itching sensation in the human brain uslng
positron emission tomography (PET)and H2 150. The significant increases of regional
cerebral blood flow (rCBF) caused by histamine stimuli using iontophoresis were
observed in the left anterior cingulate cortex (BA24), the left thalamus, the right anterior
parietal cortex (BA40), the right posterior parietal cortex (BA7), the bilateral
dorsolateral prefrontal cortex (BA46)and theright premotor cortex (BA6). We did not
observed any changes in the secondary somatosensory cortex (S2) in the mildand
intense itching stimulus conditions･ That was partly consistent with the previous reports
that itching did not activate S2and thalamus･ Activation in these areas related to itching
and subjective evaluation of the itching sensation were decreased by cold pain stimulus
simultaneously given tO the opposite side of the itching stimulus, as compared to itching
alone･ Interestingly,midbrain including periaqueductal gray matter (払G) was activated
only during the simultaneous stimulation of itching and cold pain･ FAG isknOwn to be
modulating noxious stimulus･ Here we hypothesize that the activation of FAG may also
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be related to the itch modulation in the CNS. These fhdings indicate thatthe modified
brain activities in the FAG,the cingulate, thefrontaland the parietal cortexmight be
associatedwith the itch modulation in the CNS and that the S2might not be pnmarily
involved in processlng the itching perception in the bmin since the activity of S2 was
not obseⅣed in any00ncentration of itching stimuli.
Kqwonds: Itch modulation; Periaqueductal gray matter; Secondary somatosensory
cortex; Histamine; Positron emission tomography
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1. 1mtroduction
Itching canbe defined as uanunpleasant sensation associated with the desire to
scratch" (Rothman, 1941). Scratching behavior in atopic dematitis can be00me just as
unbearable and debilitating as chronic pain, leading to depression and suicidal thoughts
(Keele et a1., 1964). Itching is related to the excitation of unmyelinated C-fibers
triggered by histamine release from mast cells (Vanetal., 1972; Handwerker etal.,
1987)･ Generally, antihistamines are prescribed for patients withallergic diseases to
suppress itching symptoms through the blockade of histamine Hl receptors (HIR)
(Assanasen etal･, 2002)･ However, administration of antihistamines, especially of the
first generation, interfere withthe activities of daily livingand with work that requires
fullalertness, since they elicit sedationand impair Various cognitive functions such as
psychomotor speedand leaming (Mochizuki et a1., 2001; Nicholson, 1985; Shamsi and
Hindmarch, 2000)･ The unpleasant sensation caused by itching canalso be reduced by
cooling･ Skin cooling can reduce itch sensation without aggravation while scratching
tends to aggravate the symptomand whileantihistamines often cause sedation.
Therefore, it has been considered that understanding of the itch inhibitory mechanism
by cooling lS Clinically important. Actually many researchers have studied about the itch
modulation by00oling･ Mらlton et al･ noted that a cold environment appreciably
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shortened the durationand intensity of itch sensation (Melton etal･, 1950)･ Cormia et al･
found that lowering the skin temperature increased the threshold for histamine-induced
itchiness (Cormia et a1., 1953). At least, two hypotheses have been proposed for the
mechanism of itch inhibition by cooling in the central nervous system (CNS). One
hypothesis is that the itch modulation system exists inthe spinal cord･ Bromm et all
indicatedthe possibilitythatanpruriceptive C-fibersand cold-mediating A-delta fibers
were interacting somewhere within the spinal cord, that would beanalogous to the gate
controltheory of pain (Bromm et a1., 1995)･ Jinks et al･alSo reportedthat decreased
activity of the dorsal hom meurons related to histamine was associated with山e
activation of spinal inhibitory interaction evoked by cooling stimuli to the itchy site
(Jinks etal., 1998)･ The other hypothesis assumes that the itch modulation system lies in
the supraspinal reglOnS･ For example, Murray referred to Melzack's proposalthat the
central itch modulation system in order to account for the itch attenuating effect of cold
stimulus should be in the supraspinal regions (Murray et all, 1975)･ However, as far as
the authorsknow, little has been reportedfocuslng On the itch inhibitory mechanism by
coolinginthe brain･ Even it is stillunclear whether such mechanism exists in human
brains or not.
h pain studies, on the other hand, presence of the central pain modulating system has
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been already identified. The periaqueductalgray matter (FAG) isknOwn as one of the
central palm modulation systems･ The descending pathway from FAG modulates pain by
restricting afferent neural signals caused by pain in the spinalcord (Mayer, 1984)･
Itch and pain are regarded as closely related sensations･ Some indicated血at itch was a
subliminal fbm of pain (Graham et a1., 1951)･ Several investigators have studied the
neural mechanisms of itch and paint Bo血sensations are conveyed to血e brain via
C-fibersand the spinothalamic tract (Bear et all, 2001; Schmelz etal･, 2001)･
Handwerker et all investigatedthe differences of the peripheral neural mechanism
between itchand pain by recoding peripheral C-fibers using microneurography
(Handwerker et a1., 1991). ney, however, did not fhdany difference in discharge
pattems en00ding itch and bumlng palm evoked by histamine and mustard oil,
respectively･ Jinks et all reported that most superficial dorsal hom neurons responding to
histamine werealso excited by capsaicin, mustard oiland noxious heat (Jinks et al･,
2000). Conversely, itch specific neural pathway has been found in recent animal and
humanstudies. Schmelz observed specific C-receptorsfor itch in human skin(Schmelz
et a1., 1997).Andrew et al. found the spinothalamic lamina I neurons selectively
sensitive to histamine (Andrew et a1., 2001)･ Thus, discussion over the neural pathway
of itch and pain is still controversial･
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Recent neuroimaging teclmiques such as positron emission tomography (PET) have
enabledvisualization of the functional cerebralnetwork involved in the processing Of
itching･ Hsieh etal. first reported that histamine-evoked itch sensation was associated
withactivations of the frontal, the parietaland the cingulate cortex,the supplementary
motor area and the premotor area (Hsieh et al･, 1994). Similar cortical regions were also
activated by painful stimulus (Treede etal., 1 999). Darsow et al. demonstratedthatthe
itch intensity ratings correlated mainly to activation of the sensoryand motorareas
(Darsow et all, 2000)･ h accordance with the finding, it wasalso found that the
somatosensory cortex correlated tothe intensity of painful stimulus (Duncan etal.,
1994), suggesting that the centralmechanism of itch sensation was similar to that of
pain･ On the contrary, Drzezga etal. indicatedthe difference of centralneural
processing between itchand pain･ They reported that itchand pain seemed to share
common centralpathways but that the presence or lack ofthalamic activation was likely
to reflect a true difference between painand itch (Drzezga et al., 2001).
These previous reports demonstratethat itchand pain have some differences, but also
indicate that the neural processlng Of itching has some similarities to that of paln･
Therefore it could be assumed that the mechanism of itch modulation by cooling lS
partly similar to that of pain in the human brain (e･g･ lnG). The itch modulation system
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in the human brain, however, has not been studied using neuroimaglng techniques until
now･ 也 the present study, We investigated the mechanism of itch modulation by cooling
in humanbrains using PET and H2150.
2. Methods
2. 1. Subjects
Fifteen healthy male volunteers (mean± SD of age, 22 ± 2.3 years old) were
included in the present study･ Subjects witha history of allergy, atopic eczema or other
dermatological diseases were excludedfromthe study. None of the subjects
participating in the present study were underany medication nor hadany previous
history of psychiatric disorders･All subjects were evaluated asright-handed based on
the Edinburghinventory (01dfield, 1971)･ ney were notallowed to take any
medication, alcohol and any other drugs the day beforeand the day of the experiment･
Written informed consent was obtained from each subjectand the study was performed
in compliance with the relevant lawsand institutional guidelines･
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2. 2. Bkperimental design
ln most of previous studies, itch sensation was modulated by00Oling on the same or
near site of itch･ However, if cold stimulus were glVen tO the site of itch, it would
become hard to exclude the possibility that itching was already inhibited at the spinal
cord level･ ne purpose of the present study was to investigate the inhibitory mechanism
oritch sensation by cooling in也e human brain･ Thus, We gave cold pain stimulus to the
contralateral side of itch･ Afferent inputs from peripheralnerves are unilaterally
00nveyed to the brain via the spinal00rd (Bear et al･, 2001; Nieuwenhury et a1., 1988).
That is why itchingand cold stimuli weregiven to therightand left feet, separately in
the present study･ In our pilot study, innoxious cold stimulus (20 oC)given to the
00ntralateral side of the itching stimulus did not inhibit itch sensation while noxious
cold stimulus (5 oC) did. Thus we employed cold pain stimulus of 5 oC.
hthe present study, PET measurement was conducted under 7 different conditions as
follows: Condition 1) saline stimulus, Condition 2) mild itching stimuluswith 0.001 %
histamine solution, Condition 3) intense itching stimulus with 0.01 % histamine solution,
Condition 4) dualstimulations of intense itching (0.01 % histamine)and cold pain
(5 oC) (dual stimuli), Condition 6) cold pain stimulus (5 oC),and the resting condition
(00ndition 7).
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Itch sensation induced by histamine tends to increase in a dose-dependent fashion
(Simone et al., 1987). Therefore two different concentrations of histamine solution were
used in the present study to verify the dose-dependency･ The histamine solutions
(0.01 %and 0.001 %) Were prepared by dissolving histamine to saline. Two ml of the
histamine solution was infiltrated into a square electrode pad (2 cm x 2 cm), which was
attached tothe back of theright fわot. Itch sensation was elicited bythe electrical
subcutaneous penetration of the histamine solution with iontophoresis system (UI-2060,
Uniflows, Japan). h the present study, the electrical current given by the iontophoresis
was fixed at 1 mA in order to eliminate the possibility that the brain activity changed
due to different intensities of the current (Torquati etal., 2002). ne duration of the
iontophoretic stimuli was 2 min (totalcharge: 120 mC, 1 mA x 120 see). A saline
condition served as a control for the itching stimuli where the saline solution (2 ml) was
applied to the subjects in the same way as itching stimulus conditions uslng
iontophoresis. No stimulus was glVen tO the left foot in thefollowlng three conditions:
1) saline, 2) mild and 3) intense itching stimulus conditions･
In the dual stimuli condition, the intense itchingand cold pain Stimuli were
simultaneously applied to theright and left feet, respectively･ For cold pain stimulus,
thermocooler (Themal cycler, Japan) was used to keep the skin temperature of the back
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of the left fわot at 5 oC, where the areas to be st血ulated by iontophoresis and cold pain
were controlled to be equal (2 cm x 2 cm)･ The cold pain stimulus wasgiven to the left
foot for 2 min slmultaneouslywith the intense itching stimulus･ The sequence of
conditions 3 (intense itching stimulus) and 4 (dualstimuli) were randomizedamong the
subjects.
We employedthe cold pain Stimuluscondition in order to examine whetherthe
regionalcerebralblood flow (rCBF) changes observed in the dual stimuli was
attributable to the cold pain stimulus to the left foot or not･ A control for the cold pain
stimulus condition was the resting condition･ Details of conditions employed in the
present study are shown in Table 1.
The stimulus was applied to the subjects forthe duration of 50 see just before PET
investigation started to let the subjects adapt to the stimuli. Then PET measurement
startedand lasted for 70 see under the presence of the continuous stimulus to the end of
the PET measurement･All subjects closed their eyes during PET scanning.Time
intervals between scans were more than10 minim order to eliminate the effect of
previous itchand/or cold paln SenSations･ After each scanning, intensity　and
unpleasantness of subject's itch sensation was scaled with visualanalog scales ranglng
from 0 to 10. When subjects feel no itch sensation on theirrightfoot, the scale will be
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OM･ when the itch intensity and unpleasantness is the worst in their past experience, the
score will beり10門.
2･3･ PETmeasurements atui data analysis
ne cerebral blood flow (CBF) images were obtained at whole bmin level using a
PET scanner (Shimadzu SET-2400W, Japan),withanaverage spatial resolution of 4.5
mm thefull-width half-maximum (FWHM)and with sensitivity of a 20 cm cylindrical
phantom of 48･6 k･C･p･S･ KBq-1 m1-1 in the 3D-mode･ PET measurement was performed
for 70 sec･ Subjects were injected with approximately 5.4 mCi (200 MBq) of l150]-H20
throughantecubital vein for each scan.
The CBF images obtained were processed and analyzed by StatisticalParametric
Mapping (SPM) software (SPM99; Welcome Department of Cogmitive Neurology,
IAndon, U･K) (Friston etal･, 1995a; Friston et a1., 1995b). After realignment for
intra-subject motion correction, all images were stereotaxially nomalized, using linear
and non-linear transformations into a standard space of Talairachand Toumoux (1988).
ne normalizedlmages were then smoothed using a 16 X 16 X 16 mm Gaussianfilter･
The values of rCBF were expressed as m1 100 gllmin-1, adjusted using ANCOVAand
scaled to a meanof 50 ml / 100 g / min. ne significant increase or decrease in rCBF
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was evaluated according tothe general linear model at each voxel.
To test the hypotheses on specific rCBF changes, the estimates were compared using
linear contrasts. The resulting set of voxel values for each contrast constitutes a
statistical parametriC map of the i-statistics. To discover brain regions related to the
histamine stimulus, CBF images during the intense itching stimulus were compared to
those duringthe saline stimulus･ CBF images duringthe intense itching stimulus were
compared to those during the dualstimuli to detectany rCBF difference betweenthe
conditions･ The effect of cold pain stimulus onthe bmin activity was investigated by
companng CBF images inthe cold paln Stimuluscondition tothoseinthe rest. The
t-Value of each voxel was transformed into normally distributed Z-statistics･ For each
comparison, voxelswitha ZIValue higher than2.99, corresponding to p<0.001
(uncorrected), Were considered to represent regions with sigmificant change in rCBF.
The changes of subjective feelings of itch intensity and unpleasantness were
comparedamong themild itching, theintense itchingand the dualstimuli conditions
with ANOVAand multiple comparison (Tukey). A probability of less than°.05 was
considered to be statistically significant.
-63-
2. 4. mDI analysis
We performed volume of interests (VOI)analysiswith SPM to compare the brain
activity related to itchingamOng the conditions such as the mild itching, the intense
itchingandthe dual stimuli conditions･ We detemined the localization of the peak
activation related to the intense itching stimulus as00mpared to the saline stimulus
condition. Meanvoxel values were calculatedamongthe voxels including the peakand
also exceeding a threshold of Z > 2･99･ Meanof these voxel values reflected rCBF since
all voxel values in the CBF images were scaled to a meanof 50 ml / 100 g / min･ The
rcBF changes in the mild itching, the intense itching and the dual stimuli00nditions in
comparison to the saline stimulus condition were examined by ANOVA and multiple
comparison (Tukey). A probability of less than0･05 was considered to be statistically
significant.
3. Results
3. 1. Itch intensityand unpleasantness
There were significant effects of stimulus on subjective feelings of itch sensation
(ANOVA): itch intensity lF(2,42) = 6.75, p = 0･003]and itch unpleasantness lF(2,42) =
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4･30, p = 0･02]･ Subjective feelings of itch intensityand unpleasantness increased with
the increment of histamine concentration (Fig･ 1 Aand B). The increase of itch intensity
dming the dual stimuli was significantly lower thanthat during the intense itching
stimulus.
3･ 2 Brain Tlegions activated by the intense itching stimulus
Tbe significant increases in rCBF during the intense itching stimulus was observed in
the leftanterior cingulate cortex (ACC) (Brodmann area 24, BA24), the left thalamus,
therightanterior parietalcortex (BA 40), theright posterior parietal cortex (BA 7), the
bilateraldorsolateral pre丘ontal cortex (DLPFC) (BA 46)and theright premotor cortex
(BA6) (Fig. 2and Table 2).
3.3. Comparison of brain activityamong the conditions
There were significant effects of stimulus on the rCBF change related to itching
(ANOVA): The left BA 24 【F(2,42) = 5･89, p = 0･006], theright BA46 lF(2,42) = 1.53,
p = 0･23], the left BA46 lF(2,42) = 4･86, p = 0･012], the left thalamus lF(2,42) = 6.73, p
= 0･003], theright BA6 lF(2,42) = 5･84, p = 0･006], theright BA7 lF(2,42) = 6.42 p =
0.004]and theright BA40 【F(2,42) = 3.95, p = 0.026]. ne rCBF increased
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significantly inthe leftBA 24, the right BA 7 aJld the right BA 6 and tended to increase
in the left BA 46 b = 0.052)with higher histamine concentration (Fig. 3). The
activation in the left BA 24, the left thalamus, theright BA7,and the left BA46
significantly attenuated and that in theright BA 6 (p ≡ 0.071) tended to decrease in the
dual stimuli00ndition as compared to the intense itding stimulus00ndition (Fig. 3). On
the other hand,the rCBF inthe bilateral secondary somatosensoryarea (S2) (BA 43/ BA
40) and in theright thalamus increased significantly (Fig. 4and Table 3). In addition,
the activity in themidbmin ((X, y, Z) = (-16, -10,2), Z = 2.84, P =0.002) tended to
increase during the dualstimuli as compared to the intense itching stimulus. The
significant rCBF increase during the cold pain stimulus was observed in theright
thalamus as compared to the resting ((X, y, Z) = (6, -16, 4), Z score = 3.ll, P = 0.001),
but not observed in the S2and themidbrain. These fhdings indicated that the rCBF
increase in theright thalamus during the dual stimuli was attributable to the cold pain
stimulus on the left fわot.
4. Discussion
-66-
Several investigators have proposed hypotheses to account for the inhibitory
mechanism of itch sensation by cooling in the central nervous system (CNS). However,
it has been still unclear whether such a system exists in the human brain or not. On the
other hand, the central modulation system fb∫ pain has been studied more extensively
(Mayer, 1984; Casey etal･, 2000; Bantik et a1., 2002).払G is one component of the
centralpain modulation system. The neuralmechanism of itching is similartothat of
pain･ Both sensory slgnals are conveyed to the brainvia C-fibersand spinothalamic
tractsIand activate the same brain regions Such asthefrontal, parietaland cingulate
cortex (Schmelz, 2001; Hsieh etal･, 1994)･ Therefore we have hypothesized that the
centralinhibitory mechanism of pain by FAG wouldalso workforthe inhibition of itch
sensation･ Inthe present study, we investigatedthe itch modulation systeminthe human
bmin using POSitron emission tomography.
4. 1. Itch intensityand unpleasantness
Subjective feelings of itch intensityand unpleasantness increased with the increment
of histamine concentration,and the itch intensity during the dualstimuli was
significantly lower thanthat during the intense itching stimulus (Fig. 1). nese results
suggested that itch sensation was suppressed by the cold pain stimulus simultaneously
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given tO the contralateral side of the itching stimulus. These results supported the
presence of the itch modulation mechanism in仙e human brain (Mumy et a1., 1975).
4.2. ACC, DLPFC, parietal cortex andpremotor cortex
The rCBF in theanterior cingulate cortex (ACC), the dorsolateral prefrontal cortex
(DLPFC),the posterior parietal cortexandthe premotor cortex increasedwiththe
increment of histamine concentration (Fig.3). Our results partly supported the report by
Drzezga et al. that severalbrain regions includingtheanterior clngulate cortex, the
frontal cortex,the parietalcortexand the insula had sigmificant correlations to the
logarithm of the histamine concentrationand itch unpleasantness (Dr2:eZga et a1., 2001)･
We did not observeany changes in the somatosensory areas althoughthe itch intensity
ratings correlated to activation of the sensory cortex (Darsow et a1., 2000). Drzezga et al･
observed the rCBF change in the somatosensory area, but Hsieh et al. did not. There
could be several interpretations for this discrepancy because the PET studies on itching,
including the present study, had substantial methodological differences. For example,
Hsieh et al. performedintracutaneous injection of histamine, Drzezga et al･and Darsow
et al. elicited itching by skin prick test and the present study by iontophoresis. The most
probable reason, why Darsow and Drzezga obseⅣed rCBF changes in the
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somatosensory area and Hsieh and也e present a山hors did not, might be associated with
the histamine concentration which was 0.01% in the present study. Hsieh et al. used 10
帽血1,00汀eSpOnding to O･01 %, of histamine･ It was over O･03 % in the reports of
Darsow etal･and Drzezga et all The concentration of histamine of O･01 % would be too
weak to observe the significant rCBF increase in the somatosensory area･
ACC is involved in nociceptive processing (Vaccarino etal., 1989)･ The role ofACC
in pain is thought to be the affective-evaluation dimension (Vogt et al･, 1993)･ ACC is
functionally divided in two regions･ The rostralpart of ACC (rACC) is related to
cognitive divisionand the caudal part of ACC (CACC) is emotionaldivision (Bush etal･,
2000). Both rACCand CACC are activated by noxious stimulus (Derbyshire et al･,
1998). h our experiments, the activated areas in the ACC were mostly localized to
rACC associated with cognitive division of itching (Fig.2)･
It was reported that dispersed attention from paln Suppresses the pain SenSation･ In
such conditions, pain-related activations of rACCand CACC decreasedand increased,
respectively (Frankenstein etal･, 2001)･ h linewiththe pain modulation,the rACC
responsed during the itching sensation were slgnificantly attenuated by simultaneous
stimulation of cold pain as shown in Fig･3･ It was also demonstrated thatthe activity in
rACC reflected the subjective evaluation of pain (Rainville et al･, 1997)･ Therefore, the
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decreased activation of the rACC obseⅣed in the present study might be related to the
diminished subjective feelings of itch intensity･
The DLPFC, the premotor cortexand the posterior parietal cortex are frequently
observed in experiments involving attention, working memory, and goal-directed
processes (casey et a1., 1998; Corbetta etal･, 1993; Coull et all, 1998; Fink et all, 1997;
Gitelmanet a1., 1996; Klingberg, 1998; Lewin et al･, 1996; Nobre etal･, 1997)･ The
DLPFCandthe premotor cortexare mainly associated with motor plannlngand
programmlng'and the posterior parietal cortex processes spatialcognitionand attention
with movement (Corbetta etal., 1993)･ It is proposed that the DIPFCand the premotor
cortex are related to the motor reactions for withdrawalor avoidance from pain and that
posterior parietal cortex is associated with spatialcogmition of the body (Ingvar, 1999)･
The activation of the DLPFC, the premotor cortexand the parietal cortex observed in
the present study might reflect the organization of the motor response to itch, such as
scratching･ Their decreased activities in the dualstimuli condition would reflect the
attenuation of血e desire to scratch.
4.3. Thalamus
we observed significant activation of the left thalamus during the strong sensation of
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itching when compared to the control,although it was reported that itching did not
activate the thalamus significantly (Drzezga et a1., 2001) (Fig. 2and Table 2)･ ne
conceivable explanation for the difference between our studyand the previous studies
was the methodology. Inthe previous studies reported by Drzezga et al･and Darsow et
al･, the itching sensation was elicited by a skin prick test, in which, histamine was
slowly infiltrated intothe skin slightly injured by a puncture (Pepys, 1975)･ Hsieh etal･
elicited itch sensation bythe intracutaneous injection of histamine･ The area to be
directly stimulated was plnPOint in the previous studies･ On the other hand, we used the
histamine iontophoresis to elicitanitching sensation･ This improved method is often
used for eliciting itch sensation in clinicalstudies (Darsow etal., 1996; Schmelz etal･,
1997). Here, histamine was electrically injected into the skinandthe area to be directly
stimulated was 4 cm2, much larger thanthat inthe previous studies･ Thus, the
significant rCBF increase of the leftthalamus was observed in the present study, but not
inthe previous studies･ Since thethalamic activation is importantinpalnand itch
perception, reproducibility should be examined in future investigations･
Tbe significant rCBF increase was observed in theright thalamus during the
simultaneous stimulation of itching and cold pain as00mpared to itching stimulus alone
(Fig. 4). Theright thalamus was also activated in the cold pain as compared to the rest
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((X, y, Z) - (6, -16, 4), Z score - 3･11, P - 0･001) while it was not observed in the intense
itching stimulus condition (Fig. 2). It has been found that the thalamus is activated by
pain stimulation (Tracey etal･, 2000)･ Thus it was suggested that the activation of the
right thalamus in the dualstimuli condition was attributable to the cold pain stimulus on
the left fわot.
4.4. Midbrain
Midbrain including the periaqueductal gray matter (FAG) was activated during the
dualstimuli as compared to the intense itching stimulus alone as shown in Fig･4･ The
midbrain did not show even any tendency toward increased rCBF in the cold palm
stimulus condition or in the intense itching stimulus condition･ The fhdings indicated
that the midbrain was activated in仙e presence of both itching and cold pain, but not in
the presence of single modality of itching or cold pain･ lhG isknOwn as the central paln
modulation system. In pharmacologiCalstudies, FAG is thought to be one of the targets
foranalgesia. Microinjection of morphine, an opioid receptor agonist,into the midbrain
reduces pain sensation (Manning etal･, 1998)･ It was also reportedthat electrical
stimulation of FAG attenuated pain (Fields, 2000)･ FAG neurons project axons down to
the dorsal homs of the spinal00rd via medulla and raphe nuclei, where they suppress
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the activity of nociceptive neurons (Mayer, 1984)･ Interestingly, in theanimal study, it
was demonstrated that spinal neuronal responses to histamine were markedly
suppressed by electrical stimulation to the midbrain FAG (Carstens, 1997).Andrew etal.
reported that spinothalamic tract (STr) neurons responded to histaminewith the same
temporalprofile as the activity in histamine selective C-fibersand as the corresponding
perception of itch (Andrew et al･, 2001), suggestingthatthe decreased activityinthe
STr neurons reported by Carstens etal. Would be related to the inhibition of itch
sensation･ In views of the previous reports, it was suggested that the activation of FAG
was associated with the attenuation of the itch intensity and of the itch related-brain
activity during the dual stimulations of itchingand cold pain･ Our results supportedthe
hypothesis that the descendinginhibitory mechmism of lhG for palm would also work
for itch modulation.
4. 5. Secondary somatosensory cortex
The bilateralsecondary somatosenosry cortex (S2) was significantly activated during
the dualstimuli･ S2 did not mmifest rCBF increase in the cold pain stimulus condition
as compared tothe rest･ The rCBF increases in S2 in the intense itching condition were
not obseⅣed at any threshold of p value･ Our results were00nsistent with the previous
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report thatthe S2 did not respond to histamine stimuli atany concentrations (Drze2:ga et
a1., 2001). Therefore it was suggestedthat S2 was notinvolved in the central processing
of itch･ Our result could not explain why the significant increases of rCBFs in the
bilateral S2 Were observed in the dual stimuli condition only. One reason for this would
be that dual stimulation of cold painand intense itching might alter the activity of S2･
Further investlgation would be needed to explainthe activation of S2 inthe dual stimuli
condition.
5. Conclusion
we examined the neuralcorrelates of the itching sensation uslng H2150-pETand
histamine iontophoresis. The subjective feelings of itching were accompanied by
significant rCBF increase in the leftanterior cingulate cortex (BA24), the left thalamus,
therightanterior parietal cortex (BA40),theright posterior parietal cortex (BA7), the
bilateral dorsolateralprefrontal cortex (BA46) andthe right premotor cortex (BA6)･ The
dual stimulationwithcold painand itching resulted in significant reduction in the rCBF
increase in these areasand in the subjective feelings. We observed the rCBF increase in
the midbrain including the periaqueductal gray matter (FAG) (known as the pain
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modulation system)inthe itch-modulating conditions･ These fhdings indicate that the
activation of PAGand accompanylng deactivation of the cortico-subcortical network
might be associated with the itch modulation in仙e CNS･ Further investigation would
be needed to explain the activation in S2 and tbalamus･
The whole findings indicated that the activation of the PAGand the decreased brain
activity related to itching would be associatedwiththe reduction of itch sensation by
00oling.
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Fig. I. The increases in subjective feelings of itch intensity (A)and unpleasantness (B)
(meanand SD) in the mild itching stimulus (MiI), the intense itching stimulus
(InI) and the dual stimulations of intense itching and cold pain (IP) conditions in
comparison to the saline stimulus condition are shown. *: p < 0.05 by ANOVA
and post-hoe multiple comparison (Tukey).
Fig･ 2･ Areas of significant rCBF increase during the intense itching stimulus as
compared to the saline stlmulus (uncorrected p value < 0.001). Red arrow shows
the leftthalamus on a transaxial slice of the PET template.
Fig. 3. The change in rCBF (meanand SD)from the baseline (Saline stimulus) in each
bmin reg10n related to itching. Abbreviations: MiI = mild itching stimulus, InI =
intense itching stimulus, IP ≡ dual stimulations of intense itching and cold pain,
L = left hemisphereand R =right hemisphere. 辛: p < 0.05 byANOVAand
post-hoc multiple00mparison (Tukey).
Fig･ 4･ Areas of rCBF increase during the dual stimuli as compared to the intense
itching stimulus (uncorrected p value < 0･005). Red arrow shows midbrain on a
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BrainreglOnS Signi丘canlty activated during theintense itching stimulus as compared to the saline
BrainreglOnS X y Z Z score
Le丑Cingulate cortex (BA 24)
Le允 dorsolateralpre丘ontalcortex (BA 46)
Right dorsolateralprefrontalcortex (BA 46)
Right anterior parietal cortex (BA 40)
Right posterior parietalcortex (BA 7)
Right premotor cortex (BA 6)
Leftthalamus
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? ? ? ? ? ? ? ? ? ? ????
Table 3
The rCBFincreaseinthe dual stimulicondition as compared to
the intense ithcing stimulus condition
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